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< SUMMARY >

O Purpose
> Reseach on the meterid sdection and mix design developrent for asphat overlay
(composite) paverrent
= Perform a mechanistic structural analysis of the composite pavement using finite
element model

> Buld a database of the short term and long term performance on construction
composite paverment
> Prepare composite pavement system design methodology
> Propose composite pavement materials construction quality control
methodologies
O Contents
> Foreign composite pavement research
— Related literature for construction of composite pavement materials and related
technologies
— Related literature for foreign composite pavement design and construction
guidelines
= Structural analysis of composite pavement
— Structural analysis on composite pavement with traffic and environmental loadings
using FEM
— Determination of design life based on pavement performance
analysis and composite pavement thickness design
= Construction methodologies for interface performance improvement
— Investigation of interface application methodologies to increased bond

Purpose & strength
Contents — Interface perfomance investigation for CROP coposite paverent, SVA and  nodified
asphdt conarete
= Asphalt material selection and mix design development
— Determination of an optimum mix design for modified asphalt to yield better
durability
- Investigation of interface behavior for various mixtures
> Establishing thin asphalt overlay composite pavement design
standards
> Analysis on the advantages and disadvantages of the established
design criteria on various design methods
= Verification and improvement through field test construction
— Compare the modelling results with the actual behavior in a variety of field
conditions
— Performance evaluation of optimum mix design versus existing application
methodologies
— Comparative analysis against various construction methods and construction design
standards
= Compositve pavement design criteria, construction guidelines and quality control
measures
— Develop a pavement system that minimizes damage and
maintenance costs and establish design criteria and construction
guidelines
— Establish an asphalt layer and concrete layer integrated management quality control
measures
> Overlay and composite pavement material and mix design selected through
laboratory tests
Results > Analysis of bond strength and other interface properties of the

composite material and comparative analysis with the selected alternative




Determination of the structural behavior of the composite pavement
Perfomence  verification  through  thin - asphdt  overlay  construction  testing  and
oarresponding field tests

Composite  pavement  system  design method  identification and  determination  of
research direction

Improvement of composite pavement material and construction
guidelines

Expected
Contribution

By developing the design, construction and quality control technology of
the new pavement system, we can be able to lay the foundation for the
commercialization of these technologies

The benefits are expected in preventing and ensuring long—term performance of
existing concrete road from a number of defects such as joint damage which affects
the driving safety

Improve the national road safety by improving the possibilities of
applying new composite pavements system with longer maintenance
intervals

Identification of the bond characteristics of composite pavement
interface and include as basis in the development of a design
model

Reduction and/or prevention of road accidents due to pavement
damage

Provide a smooth and stable pavement system for road users to reduce
pavement cracks

Development of a new method and technology of a durable
pavement system

Comfortable and safer highways by ensuring a lower noise and higher
driving safety

Promoting economic growth through the development of a new
technology such the composite pavement construction process and
quality control techniques

Keywords

. Continuously
Composite .
Reinforced Interface Interlayer
Pavement Overlay ; ’
Concrete Properties Behavior
System
Pavement
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TS ST (HFEH I, 2012)
uj oA o] ofATE YiANLy] FHE FE ZIYE EH FAHF A
AbEEojgkal, AAMdoIY 53 AlFAdo R A A5 dE ZAYE X

Manuel Trevino 2] 3% (2004)& HAlA DOTY A7H9S gio=
AHEF Ay 2% HAH FAE F3to] ofATE TIZT] 3 A&
st oAl A UFE SR AL xFo g EHIE yFs A L3k

R

A BREZAC/IPCP) 9 Ales AA, AdE, f1aTal, AR aryot
T AEERN FIAHAL AE HFEF] F7F A7 SHRP 2004
T TAGFENSN, 2012)

59 Xingyu Gue FFAelA 20049 A% A ZALHE 249l
A4 vinE ofATE TS ZAH A Ts TS 200997

A BUHY 2S5
I A3 7E FooA AFESY ol ATE EIEE ¥R X Fo] 24|
o AL o7 vElwtor, Hy i E3t LAoA A

=t HALA F£= CRCPE oF 509 AHE AREs7] Al&shear, Aol

A< s
— T [}
Fo) A ARE 2AR Aaa Bl B AAAAE A8 s

= dExo] T CRCP7F A5 Ald AA] ¢F 80We] Awtem 19654 Al
H Stevens Highways= A F:7Fo] CRCP #7Fe® Al#FEglom 2001d CRSI

o ®ue] w2 oF 20007t el Gk 1EHEE7F CRCPE AAAE 1 &
= o] Folx= e dd FHo A, ¥4 4, 449 F,
el

d Ao], THEF gL A Sl el ATkl A5 Tl 3l



A2, S AFEY @ HAFS

=4 A A} 3k )7 (km) AFazR | AFdE

A At %k%h:%.k 35.30 37.70 | 1,2,3%= L0969
o - -k 81.40 83.60 1,22 %

A3l <t &3 M 8.40 8.60 1,222 | 19979

ALFE | FAEL oFH}-ak 19.80 24 .4 1,222 | 1991d
A, A}3N X Ay ek 1,222

o A o ﬁ ’ 19874

STl ﬁxﬂ, - ] i
At ahayd Ak 1,22F=2

2. 4 3
F99 ZaYE AR AANS f937=9 959 DMRB o] 9%
W 7)ol= 19500 S22 Leuze—en—Hainaut X9 CRCPE 7AA s}
gom ZAZASE CRCPE A&3t AL 708 v= &4 @A o] Folt},
oo wegl 70t 1800%km?ell E3dli= CRCP E=Z7F 74 % 303 (FHWA,
2007)

P 19759 olHel= AHA AAMCe® CRCPE AAsleon W
of wel 2 SO AA FAVE AFHNL, e 2AYE FAEE 0

gote] A ALsty o FWE AIuE 0.6%E AMESL
(FHWA, 2007)

Hgds uEHE20] FIYE 2738 #Hulo] JCPE AlFHAAT FH Af
2 ZIYE XFY UFELS CRCPEZ AlF¥dHx 9le™  Delft
Universityoll A 7iatd Q1%+ T dlo] CRCPY HM|E AAst=d A}
¥ AAdSFE 30~40d At g

[o olo



3. vl d&

FHWA (Federal Highway Administration) il 43} vl o= 357 F
ol Al CRCPE Abg3tal Qlow Fxe T wFwo] B F1kA
CRCP #A&& A=20= HAESIL U+

hxd oz Aol HALAFTE CRCPE AFE-3 o] ofst A+
wskAl 8 <

rulru

2

u]= TxDoT o4+= AASHTO Road Test H7}& 7|HFe & 3 AASHTO
93 MANE o]&3ste] CRCP AAE 3 $kXIv AASHTO Road Test&
7w ZAPE ¥FUCP)S 7|52 =2 3t Agdo=r AHKdT ZIa8E ¥4
(CRCP) 2ol A &sh= Zlo] AAeb#] ¢tar, o]e] Texas Tech
University:s 9st—A3d24  H7}E %3 Mechanistic—Empirical
Pavement Design Method& 20124 5¢ 7¢glon, o] o3t A3
A& Mg o2 CRCPell A3t 7Fes HAl AANY
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ATA. R 597, AAE 28 42 98 Az/mMT 47
>

2 Ao E <18 3-1>3 S Balanced Mix Design 7IES o] &3}
o] BAlA AYE E£8E F F-DGM3} F—PFCell tjd wigdd A= A&
A 54 HUte 3 5 FaEC EEete

dom 508 A3 thx
ﬂ?ﬁ o]./\,ﬂrE 61— EO]:

» Hamburg Wheel Tracking Test®} Overlay TestE A Ajslo] #® A+
A3 WAl AdA o FEAS AES] ol st 7|E B3 Al wiEgA
AE Fushe wdoz Ay Ads A=

=X}

Z=2| of~me StRw =2 B2 2E M
S

M S| CHE 7| (Gyratory Compacton= 0|5

<18 3-1> ¥ o] #83F Balanced Mix Design 373 B2 %

1 24 &= 9 v 27

A% olrwE 9% 2%

m B Ao = BARA 9] Balanced Asphalt Mix Design ®'H9 /ME &
dsto] =l CRCP 745 gk G %7] A 48 7lss AfE ofAZE
St5 % Fine DGM Y% Fine PFC$¢ Fine SMA &35 5o ujg st

U MNP s Hxs 448

r}o1 %rl

n 2N A3 fEe] 2o dutd oz AL=zel HelA 13mm DGM o}~z
E 33EY SMA &350 Hlw s F& /i wijgde] 74 95 Flsie

m 7]E FYoA 285 E= DGM oPAZE EIE SMA EIE E AT
A 7¥rEl F—-DGM, F—PFC, 18|31 F-SMA o}AZE Z3&o] Zx| &
Aole 7&E& <E 3-1>7 e



<E 3-1> o}AZE &

= Tl wE A q48 AR T+

(FEREH, 2014) (TxDOT, 2014)

- g8 B3
=P
DGM(13mm) | SMA(13mm) | F-DGM(10mm) [ F-PFC(10mm) | F-SMA(10mm)
(mm) =3 =3 BES(%)
19 100-100 100-100 100-100 100-100 100-100
13.2 90-100 93-100 100-100 100-100 100-100
9.5 76-90 40-55 95-100 95-100 95-100
4.75 44-74 16-30 70-90 20-55 50-70
2.36 28-58 12-23 40-65 0-15 20-40
1.18 - - 20-45 0-12 10-25
0.6 11-32 10-18 10-30 0-8 10-20
0.3 5-21 8-15 10-20 0-8 8-15
0.15 3-15 7-14 - - -
0.075 2-10 7-12 2-10 0-4 4-10

Ay A A ZAE DGM € 13mm (©]8F D13mm) #2 &4, SMA &
13mm (°]3sF S13mm) #<2 =4, SMA € 10mm (°©]3} S10mm) #H<
A, 283 FEA AR 9 A3Y (R E) A7 AFEE G, of
AEE TR AFARA HIAES AR

SMAS} F—PFC &¢=clli= 0.3%9] AEz e solHE Jrhsiiv. Al¢
= Al A AL B AE C AFS] ZAIE AMESESI O olE Sl therst
AL Y EE v sto] HA] s At

4 olaBE EFEY BA PYYE J1F W £TF 5

ko

({19
il
2
LA

<E 3-2>° A3t A3 o] DGMF SMAQ] A $o= V& AF A=

[¢]
Farste] AnbA el ZA dAUEE A -G8k 94 HlEs 4%

>

=]
F-DGM?] A= A, B, C A9 ZAE 27 AFE, F-PFC9 A%l
=1 7 =

Fole CAHY FAE AHE

=

A 238y

HRQIE = DGMSOF SMA ofAZE E3tEo talre= PG 64-22 539
AP5E A}439 91 F—DGM¥} F—PFC 18|31 F-SMA &3-&o] t)alA
= A9 7)Fo wEl PG 76—-22 532 PMAE A&



<E 3-2> ofA¥E 235 FH H AYS A FHYE
- F-DGM F-PFC F-SMA
AZ7) (mm) | DGM | SMA — S @ 5 = L &
19 100 100 100 100 100 100 100 100 100 100
13.2 99.8 99.5 100 100 100 100 100 100 100 100
9.5 88.3 52.7 99.1 99.6 99.6 98.4 98.6 98.9 99.1 99.1
4.75 57.6 28.1 72.3 79.7 73.7 24.3 27.8 44.7 52.8 50.4
2.36 34.8 21.7 43.2 48.1 51.1 8.5 4.5 5.0 33.0 31.0
1.18 - - 29.8 28.0 38.0 4.0 3.1 3.2 24.6 23.1
0.6 14.7 15.6 16.3 18.1 25.8 3.0 2.5 2.5 16.8 15.8
0.3 10.8 13.7 11.3 12.4 16.5 2.4 1.9 2.0 10.9 10.3
0.15 8.3 10.6 8.0 9.1 10.6 - - - - -
0.075 6.2 8.9 5.3 5.8 4.7 1.6 1.2 1.2 3.4 3.2

A W o= V|ES vk iAol obd Superpave i A7
e ARgeRlen, ol = d% Y ¥d AFEdE A nd e
A= Y
AR A A vigel dalM HA ofnBE aFE AAsh] A A
gt AAE A
OFATE QIO FHE A [ vES EUE F4 ofABE S
d=sta, ol=FE 747t 0.5%% FFe 2ol 74 FHEE Ed=S
ket =

3]
F-DGM % F-PFC Z35&9 Ao 715 wet 503, F-SMA &3
] AA(TxDOT, 2014)
AFAQL £3E AL 9 Hd3] s T8 FAA AF RS <ad
3=2>°4 Kol AH} #H
ZAE A=A T ulE v g A ZA, AA W ulgE JlEsk]
EAA T 2L AN =
vlt = FHd 1A1ZHE 7|2 o= 3
AR 718 5, A 2 vRigE &3 & oF 247 Bk AP gy &
TollA w7 w3t & AIVIE
Afole vt2 288 g5 A5 Al
SR A & 23S AAS
<19 3-3>AE 9 #AAZES B8 A ® DGM, SMA, F-DGM,
S

F—PFC, F=SMA o}AZE 2959 FAA #19 BEa Hoxw



5. W3l oH

<19 3-2> ofABE ERE TAA AL 73

OfAZE ZIE &3 Wt L= ALLEHE vh e T3 wet 4
e A, biely 7Y &x 9 23 L5 163C, g &5 149T
7} Vo E AAEY, 1 7]EE <3 3-3>7 2E (Walubita, 2008)
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3-3> ofABE
(Lubinda F. Walubita, Tom Scullion, 2008)
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ool mu Ao > oy
N
ﬁm& _I?dlﬂﬂllo:i il N,

LN

S Bl 7 olnTE T
HA of~FE FFS AAsH
=9 olEHYdE, HF

= _
2 2ok A9
5] =N

TAA =

ohrBE FP

=

Hr,

171%= F-DGM, F—PFC. F-SMA A¥g% =3%

<3 3—4> Heart AlHE 3= &4 54 F7F 4%
Mixture Types Binder Gmm | OAC(%) | AV(%) | VMA(%) | Compaction
Heart 71+ PG76—-22 N/A 5.5 o] 4.0 o]3}| 16.5 o] |50 Gyrations
F-DGM| A3} PG76—-22 | 2.387 7.5 4.1 20.9 50 Gyrations
Heart 71 | PG76—-22 N/A 6.0 o]A | 22~26 N/A 50 Gyrations
F-PFC| Ax% PG76—-22 | 2.437 6.0 21.8 N/A 50 Gyrations
Heart 71 | PG76-22 N/A | 6.0 ©]% | 3.5 ©]dF| 16.5°]% [100 Gyrations
F-SMA| A¥ PG76—22 | 2.419 6.8 3.0 18.6 100 Gyrations




. Hamburg Wheel Tracking Test (HWTT)

Hamburg Wheel Tracking Test (HWTT)+ ¢F2 Bl 9-7] 4 Bskx=k
& ofATE 3= Higt AA Al FREHE So% Aldolw E

T BE HMA E3E] d&iA HWTTE oJF-2 o= Alsdstal
HE zlol7b 12.6mmel =2 wi7tx9] & F3 S5E F3 F8 AT
9" AFHES FHoksta, obdl <1W 3-6>2 B 2% 5
HWTT A< A3 she= &4—% LhER

<1¥ 3-6> HWTT A8 A8 25

I3 323> HWITS] A} 13fero] AdwkAel HeiE Hoja B Al oz 5
%71 9F 1,0003]¢] & FY3F7tA = AlHo] &tz gJsto] v E
gt x] = -7+ (Consolidation) ¢

g Fel wE vy xZdlde] o] HE o7t FUkete= 7 7H(Creep
slope)©] I A7MA] YeRA H

A=A ool el gt v (Str‘lppmg oINTE EFEe] fdH Ho] IAs)
OAZE Ul Alo]o] Habu) HAlS oksIAA =S A OT)= 5 E3kEe] AHA]
e v He @b E Q& Y o7t Skl 7K HStripping slope) & UERH
Stripping Slope°llA &8 Zo|7} F7tst= 71&7]= old ks Hls)
A 3tA & (Pavement Interactive, 2011)

a

A

G‘f_ ~-_\ﬂ— Inverse stripping slope
~
5| Consolidation = T SO

Even after compaction, L Stope is the

the sample continges to B
inverse of creep.
consolidate for the first 3

10— few wheel passes.

AV >0

Rut Depth {mm)

Stripping Point L
20 The sample begins stripping,

which contributes to an increasing
rate of rutting.

25 T T T T -
o 5,000 10,000 15,000 20,000
MNumber of Wheel Passes

<1¥ 3-7> HWTT A% 1#d*>= (Pavement Interactive, 2011)




HWTT ZAyef Qlof, & AFoA] 7lee F-DGM¥} F-SMA+ 71+ 8 &
I 3l 20,0003 EFFPSoE 12.5mmeol =R 4o AL < 4
AN

FiberE #jAlsF F—PFCE E¥314 8,7003 % 7|Fo| wgsigion, 5
WA 9w &85 ] Fiber ¥AM S &FAAIZ] F-PFC(Cl*) wgS AL%-
st Ay 71FEX 10,2503 2 7)&=ulH] 28% =7F8te] 71FX 10,0003 =
985S

71% DGM 2! SMA tjv] 7/l8 F—DGM¥} F—SMA*= 7+ 185%, 65% ©]

S5 EY AZYE 38

NP o, o= ofg <3 3-5>9 #Zo] YERd

<# 3-5> HWTTE &3 72 &9 A4 2 vy
23E FF b e B vha) 2] A 12.5mm
U= 400 7350 6950
SMA 360 14400 13400
3 F-DGM(A) 940 12600 17250
=5 F-DGM(B) 340 5250 12100
5 F-DGM (C) 1050 9900 >20000
»T [ TF-PFC(CD) 860 7000 8700
F—PFC(C1%) 1000 10400 10250
F-SMA 820 - >20000
H7HAl o= &2 3] (Hydrated lime), 5784 AIWE (Hydraulic cement), <}
7 Bt Al ol Sl
239t A AMES] A EFEY 1~1.5%, A7 v AL A5
o= oFAZE wlolY FH9 0.3~0.5%F AFEst= o] A43h
F-PFC9 22 w5/ o}AZE Z3t&olA £ 748 Y, £3&9
T AT Pl e Y A N, ok~ ESH =4 1 AT s
To AL F e FHE Ad AEREeA FolHE ERE] RAAR
AFE-(Peltonen, 1991) (Putman, 2011)
AZ2 A Tolw el g A, FAto] A sto] 1 F5AY & vaEd
AS Ad 5 UA sk Aol wlg Qs Fol o] FUTFS =2l A
5 AFSToEA Z3HE UolA oW o BAM NS Tds
71Ee] AEZ QoA FolHE <3 3-6>3 o] XXAFS] AE=R A ulo] ¢}
TR FAE A AFolH, FAM3e s 918 B AlEe A st ARE-



<E 3-6> Ao A3 AEZ A oy AFE EA v

4 A AE B A&
Cellulose content 80% 50%
Average fibre length 1000um 1000um
Average Fibre Thickness 45um 45um
Bulk Density 25~45g/1 50~90g/1
Residue on ignition 18% 50%
pH—value (5g/100ml) 75+1 75+1
500um max.5% -
Sieve
. 300um max.10% max.20%
analysis
32um 50~80% max.90%

t}. Overlay Test (OT)

1) &m] 7|

B gulE o) gato] Al EAol thel

}\ LN
L #Ae WAL o} ABE ERERC) WARA ATYL B A3

« J1EY TTI OT 48 At 349 35 4dshe 239 Bet 8%
21% BA] ofda, FEWEY S AT BAT 5 e 2

Ae 9 ol 3 Fohe A3 oo} wEAo] Wojdl
T o] EAla] W] olF metely] A8l 1AYE ATelAE 2
Hle olE A, g BAe Fa A A4 wee 4% @ 5 8 A
AE AN&D

. 2AdEolE VIS APe ARE Ada dHles iAE & Qe
HOT (Heart Overlay Testor) 2] AA] % 2 3
AN E xy,z59 32 23 AFS Brbsta thekdt 2Eelx e o
d AFds BUHE



|
r

<E 3-7>& 7] TTI Av)set 71 Heart #Av]e AA ALdS vudes
g, & AFoA N3t Heart FH]e] A9 O thekst AldA719 H71r
7FelESE ZYolE A7|E sy, &5 WHE -20~80C7HA] =4

sl stel S 71 elel dlg BE el 2

-

-

m 350 FE E3 7€ BT sine, circular REES F7F W X3S b5
sHAl st O thefst stw AEIE EAVE ¢ Ul sleH, Al %
Al 3Hz7HA dAo] 7hsal 32 BAF Aol U FEAS

m x5 O]9l yF, 25 Y o]F2 Xl st Ado] ThsskA sto] dwt

W el % A% wF wAE T 5 QA AAEAS

S APstol AR PEsPo J1F AY Aol WRAol
golAd a% AANS AT WHow A AAS e ovA xz
Aoz T4 QAL BRdto] o] B FE 3

m xFo thst APow AAFS AFste] TTI Overlay Testo Fd3E 7]

A

Oft
3%

KR
=

<3 3-7> 7] TTI Anje} /i gnle] A vl

Heart Overlay Tester TTI Overlay Tester
Specimen Size (mm) 150 x 75 x variable 150 x 75 x variable
Plate Dimensions (mm) 170 x 170 x 20 300 x 150 x 13
Temperature (TC) -20 ~ 80 0~ 25
Opening displacement (mm) 0~2 0~2
Loading rate (per cycle) 0.3 ~ 100 sec 10 ~ 600 sec
Load Cell Capacity (kN) 25 25
Interval variable 0.1
Testing axis X, y, z, combination X only

Loading Control Type Displacement or Torque Displacement mode

mode
Cyclic triangular and constant displacement or a
Waveform Type combination
sine, circular N/A
Initial Separation of Plate (mm) variable 2mm
Vertical movement of sample TBD N/A




2) Round Robin Test

71& TTI 0TS v 4% Ass 93
Agsto] OT wWHE Slef tfs) vl a4

O AT <E 3-8>el UEhd 2w o
10281lb, HFE &% 44.3b, 35 #HA4& 95.7%, W 35 7.73 5 ek
WA Heart 0TS A% H %7] 3% 1458lb, HF 35 394.51b, &%
s 72.65%, 183l 3003 ¢ HbE34+E YERE

Heart OTolA TTI OTe ®l&l H+ %7] 3t% 430lb, 3t% Has 23%,
W3l 292.33]9] zbolE Ry 7] N AW|7b BlAbA9L OHE

A% Hn des ¢ 5 AYL

-

> olfl

d

Al

ow, TTI OT A3 H+ x7] b=

=
(ot

o=

N

el

feieu)

i

o

nqo

)

O{N

gats A P A WEAe] Ax eabs ERe AB A
]_

4 ol wla AFe RAolehA ol Aol A
Z,: A

<X 3-8> TTI OT% Heart OT Round Robin Test A3}
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10003] 2]

A3 = R = 74 =3 71 3f

HHE 31 4=of] )3t WE A5 (COV) & vl
s HEAF 539 752 30%E A3 o (Walubita, 2012)
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HEA S vl (SHRP, 1994, Walubita, 2012)
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Method

Beam

Fatigue
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Trapezoidal
Fatigue

Diametral
Fatigue
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(93% Load
Reduction)

Heart OT
(93% Load
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Heart OT
(Initial
Crack)
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21.3
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m ofdf <I¥ 3-22>% tiFderel Sl el wEp ek o]so] o F
oAt e by, xH e AEFAA a AFFE uhHlofokg
= 3hto) Ansl gol HW sin B4 olgato] el AFE QA Hu,
eAE Hxdlehs AU B £3EY nAEHAR F5E 22T S QS
m <O 3-23>2 HolHE AW ol A Fo dH wiAE ABG A
ZE Ay AYdAE Yedls 2 ZE BoF
F-DGM F-DGM
25000 25000
a-10C m A-10C msc ©20C 040C *54C
§ 20000 = 5 ” mse %-.. 20000 A o m=4000
“f 15000 A ‘_-'(‘&L’ *20C 2 15000 A . :
B ‘A 5¢ ©40C E ‘A e =
S 10000 A -l-l(:—-L» %54C % 10000 A
% ] [} @ E 10 =0.01 ﬂ
S s000 = ad0c, o ® & so00 (500,001 u 1
& 5. e R 0 o0 soux
0.01 0.1a(54C) 1 10 100 1000 10000 1.0E-06 1.0E-04 1.0E-02 1.0E+00 1.0E+02 1.0E+04 1.0E+06
Frequency, Hz Reduced Frequency, Hz
<9 3-22> U AZE HAEE £ 7 259 dHlolH # olF
F-DGM ? e log [2(-107]=log 4000
25000 3
8-10C BsC °20C 040C 540 | 3 o log [a(5)]=loe 80
£ 20000 g1 2
z..e A | el
2 15000 at | S e Joafar203=loa
2 [ Byl 0049 + 23977
o 10000 el | R = 09023
E - P ; log il‘ll-ulj!_:U:illj-l“‘.
* og [a(54)]=log 0.OOT*
o L x—x8- 88X 3 “+ s
LOEG6  10E04  LOE02  LOE+00  1.0E+02 106404  1.OE406 35 5 15 15 55 75
Reduced Frequency, Hz Temperature
<I¥ 3-23> AX P Jxe AIZE AE ] AFPaA 2=
» Sigmoidal &5l AA AT AZg o] & dHolHE wWEeE #AF
< Matlab& °lg3t3lem, F-DGM¥} F-SMA &¢29 78 9 17
T <9 3-24>8 o] vEhd
R2=0.993 F-DGM R2=0.995 F-SMA
1.0E+6 1.0E+6
o A -10C O 5C © 20C O 40C X 54C =——Mastercurve A -10C O 5C ¢ 20C O 40C X 54C =——Mastercurve
E g
£ 10E+4 = 1.0E+4
3 E
E 3
u =
‘E LOE#2 9 L0ER
: :
s g
[a)
1.0E+0 1.0E40
1.0E06  1.0E04  1.0E02  LOE+00  1.0E+02  1.0E+04  1.0E+06 10E06  10E04  L.OE02  1.0E400  10E402  1.0E404  1.0E406
Reduced Frequency, Hz Reduced Frequency, Hz

<% 3-24> AH J¥o] &5%H (F) F-DGM, ($) F-SMA 1=



obell <1¥ 3-25>¢A Holi= R Fo] v A FFFolA F-SMA
o] &g Al #el F-DGM #Eth 9 =A debd A& & 571 9K
7k, 0.001Hz °]ste] @2 HFFers F-DGME &

A YESE S

AFE thetmelr 71Ee AAFE ofATE EeEe] HuE 2 2 o

Tol B AL 4% ARE AHES R

100,000
E
s 10,000 |
A
=
-
=
= 1,000
E ——DGM
= .
% ——SMA
E [ e e N50-1-2
3 o = N50-1-1
- - = = D44-4-2
——D44-2:2
10 : . . :
0.00001 0.001 0.1 10 1000 100000

Reduced Frequency (Hz)

<1¥ 3-25> F-DGM#} F—SMA 1%]3. A3 HMAS} vl
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of Eol o= ANS BAT & S
100T ool FHolx HEHS FAA
3

RSC—4of wlal FgAIzto

o] A2 Ars TV dEE oo Y] v FEe ST 3l

=
O &E9] Stress Absorbing Membrane Interlayer (SAMI) ¢ &&-& 3o
OfATE Fo Q7| T WA Al WS AAAX = 9F8S T F

= 9le (TTI, 2007)



7}. Trackless A& A&

A Tack Coat ¥4 AIZte] Wt 7|+ 8l
oAU 9Fs u =2 A9 Tr?ﬂr ofATE
T4 QS JIS K 2208:2000, 2006)

Ob‘g A7¥o] Tack Coat A]ZoA Q3 o] HUZED F2 ofATE o]y
Ale] Sl whet o ~BE {A|7E BIAR] Efolo]el Zo] LA il

A447]
a @ur 250 Asks xdsta £ A9 T8 FEe AATIY] W
1=

glolw, x| &
Mo 7

Moz WMahs Ao

b e

3 AlY Al AL3F Underseal, RSC—4, TF Coat A E.°]
EHoH E}oloM] Eojub A o= Trackless A& wlwstr] flste] 22

% x¥el 3 x 3cm &7 WS HAASE & 3kg w52 st
T= 15x%F 7teto] & Wel AME7E 2o U= FEE Friske WH
AE

<18 3-29> Trackless A% Hlw A% 74

ANz AE 308 59 A9, <FE 3-21>3 o] Underseal T-7HoAE= &
Az Qlate] e A87t AL Eolupex 9gkorn RSC—4 F3rolA 7}
w4y FAE Bolves A4S UES S

TF Coat?] A% #A17F 2olute7]= A RSC—4 3t vl&l 71 ¢

, <3 3-22>9 #o] Underseal T-7FollA+= 30
| o]7} glley RSC—4 F3ted S H dFd

ARE A7 2ol s g9l & 4 %lal, TF Coatf] A-fole A2
E 235 A4S AAEST] wEed glo] ks

$] A3E F3 Underseal &%©] Tack Coat 412 Trackless #AS

WA st= d @&yt doem, TF Coat A= -9 RSC—4el #Hs|

Trackless A&°] H% HoAds A =+ A=



>

)

S

<3 3—21> Trackless % Hla A8 Ay} (A5 A 30

Trackless A5 Hlw &S 21 (2 &X 302 )
nderseal

i

RSC-4

TF Coat

<% 3-22> Trackless A% vlu A3 A3 (M5 24X 608 F)

Trackless A5 Hw &8 21 (M2 &Z 602 =)
Underseal

RSC-4

. Pull—off Test
B HXLA &8 WE s TTIOA = Tack Coatd] et A= Ald, 283 A
o1 B2 Al (Pull off test : ASTM C—1583)% E3] AA&1 &
n FA] S oEE TGy 2 A ARSSRE BIFRS] AP RS Ghe Ao, KS F
4932 g THF WEAle] AT Tleel] w5le] ARESlaL 9lom o= <3 3-23>7



<3 3-23> Tack Coat ¥+&4 % 7|+ B2 2F A 2013)

72 JIE(MPa)
Tensile Bond Strength 0.6 0]&t
Shear Bond Strength 0.15 0| &t

n F AFoAE AR AT Al ALY AAE AR 39 Underseal, Tack Coat
4 RSC—4, TF Coatell o3l Pull-off TestE AA|sto] F27FEE vHlw

m 7] CRCP 23aZE ¥4 xwe] s, AW ©Elold (Transverse
Tining) ¥ t}ojolE = 7z}ely (Diamond Grinding) W< &3t 47+
oA ztzt AEe A ste] B B AH (Texture) 3 F274wo] AaAd =
Sk vl sl

m 30k glojyd W thojolEt gERlY ¥ BE o xF dw x3
(Texture) & H#st= AN

m ofelle] <E 3-24>v FWF Erold B vojobs TEeld 2 Y =
A (Texture) & el sl Qekst 214

<& 3-24> FWF vold % tololE s Tely I ww An
(FHHEZFAE 2014)

3F ol | gelore= azag
cutting depth existing surface level
=
A width
depthT I |‘—)l | |
spacing
9d 25

3 722t Z00) () N/A 3.5~5.0
£ o] (mm) 3t1.5 1.5
£ Z(mm) 3%+0.5 3~4




<% 3-31>3 #o] Undersealing 7-7FollA 9 ©l A%
HAE7E AA e vejob = TEpeld el A7)
o =4 JeElgow, 95 ¥ F HxE Ho] U ¥ e Ay W
24 A7t 23S #FR
RSC—4 3t A9 "o #AGo] Fost 7z AFATE HGloH,
gololE = ekl oA 13% 71 A LERE

TF Coat 77t BE "9AAoA FRIZAEE FHstoH, FLsHA

DU Bl doln 12% 1 B R WAL

12
noj2 E gugelold ClojopE J2eld

0,
13% _199,

s
[

0%

ol
=

Bond Strength {MPa)

=
=

0.2

Undersealing RSC-4 TF-Coat

Ge obAWE U9 A RF v wwe vlad dn ok <1d
3-31>3 o] MmA 747l Fi Fol % ThololEt ekely Lo
M EFEo] okABE o] Bol SR¥ W] Fol A3 ¥ FYT
ol A 71E ZAE He] EFEo] Rolgli Auz axE A2
S :|



<TF-Coat >

| CHOIOIEE J2ioiY A2 M o

t}. Direct Shear Test

%92 Nottingham WstwolA= o}AFE F Afo]o] Rzt BEAS sjels}y|
A8l A AIA R E o] gsto] F-2 AL EE B 7kl (Muslich, 2010)
QA7) 7] AARANY F-2 vk §32 377 9o, 1 T de
of ot vl=o] 7h AY A2l T FEHE HIE S

rlo

<I¥ 3-32> % 9 "Ax] TAL AH

BAF AHe] "lAz] zlo] (MTD : Mean Texture Depth) S A3} &7
28] Sand Patch Test(ASTM E965) 2 AAs5t9&

2 Frel mE A= A Alge] dnbAel A8 V1E el obd <&
3

—25>¢} #om, FIYE dH HAA HEAF AJHS] MTDE <3E 3-26>



<3 3-25> ¥ FRel wE 88 MTD
b=] 2 X 7
24 22 37 MTD 2 MTD Ao MTD
(mm) (mm) (mm)
PCC—Transverse Tinning 2.0 0.3 9.0
ACC—Fine Mix 0.5 0.3 1.0
ACC—-0Open Graded Friction Course 2.3 1.0 6.0
¥ 3-26> Sand Patch Test 23 A3}
Sand Patch Test ASTM E—965
X1 X2 X3 X4 X Avg | Volume_ | Macro
Test # Date B - B - — 3 Texture
mm mm mm mm mm mm
Depth_mm
vinE 2w 17.02.24 117 120 117 118 118 10,000 0.914
3mm
17.02.24 110 110 112 111 110.75 10,000 1.038
gfol g
6mm
17.02.24 85 83 87 86 85.25 10,000 1.752
Elo]d
mEEA
Tre= 17.02.24 96 92 92 93 93.25 10,000 1.464
Shot—blast
m Bl AA BAF AJES MTDE Aot F AFAddeAds a3
n V)E AR AR F7E 712 okl <I¥ 3-33>3 o] AAMe A
S (7,00 A a2 71e71ed aldE e A EAT (k) 2 B2 S
L, Aol s Ao dd-gEel st F AAWe] &d g3Ee= s
Ao Mg FAhH o Aol $5t W (,,,,,)E RS

Shear Stress (MPa)

Tmax

el ﬁmm (Yra ax
Displacement (mm)
<a¥ 3-33> ARG A3 24 U




m A9lA SN 671 9612 W= & A ddHE 7F2 0.68MPaz 24
o] ¢lom Florida DoTel 7l 9A] 25TCeA 0.7MPaz 2o Q&

w2 AFelM e AlEe VIS 2AYE § AfHeR ST A8Es

F-DGM wjgo =z Azstglon, ol dixol A ste At Wy
FAA AEE AAet, st AlskSEEE 50mm/min 2 A

n ARAGHE A Ay BE 39 gAaAA F-DGM#e Hdf 72 ddt
FE7F 715241 0.68MPas 433

n Ak 9 AR A9 wF FA EARAHO] 1.63MPa/mmE vlEY Z Wy}
Hlaste] 2u) o] H5&

n FHo) AdA T HeE= 6mm Elold WA 3.2mm=E viEE XW
Ho} 69% =<

n 3tF &3} Wi A =E:aA ZdelA A sk olF 1.29mme] W9
£ 49 71

Direct Shear Stress by Surface Texture Direct Shear Test by Mocro Texture Depth

T 2 e N
£, e L i
£ ‘ﬁ'i §
g1 b 'f‘ I i
5 4’“ S . u
5o0s Yol L JIE 2= : .68 MPa
e .
e‘(’.. .

(1] 0.5 1 1.5 2 25 3 35 q

Displacement [mm)

eOIBE B = 3mmEFO|Y & 6mm EHO|YY « e F I or Shot-blast

<I¥ 3-34> E)Hglel wE AT T2, (9) YA Zlojel mE AR vl A




‘ 2], =4 A
A5 TSt AmE FA 22 2 3AEE T Ax CRCP 23 E X
ol AlEAl TS AR =

—
T
=2
N

N

N
ne

Jue)

7} b Tack Coat A=
A Az 3 A&t S FAYE
H] 28}l =
gF> ofAZE tiH 9] AR A% ¥E&AS H7kek] #1sl F-DGM
< 8% 2.5cmel &9 ﬂi}éoi F-SMA % F-PFC
59 Ve F TOoE F bem FAY APA TS AAES

W T F-DGM = &
ATAo A AN TS AAeH e, 33 Ae] 2748 3o
F-SMA¢S} F-PFCZ Al ¥

A@AA T A= oAF A FHRUFIEERE o] AAdE A
ZAYE FTL& 30cme] FAS 0.6%2 HIH|E VM A& HE ZAYE
2% (CRCP) ¢!

obefl <I¥ 3-35>% 2xkdZel AHAAIS APy ©@H FJRE FUE ¥
Pz ZAgtete] ekl Zlolw F A% 50m, ¥ 11.2m (1#=, 2%
2, 7)o figll 2.5cm F-DGM 3= QH71E AA&la, ZBAd
Bz vlwE gl 24 30meol] thadl Underseal, Tack Coating, TF Coat
£ 7ZtZF 10mA A4

@
L
it
o,
2



L 30m _i

Fine Dense Grade Mixture (F-DGM) §
~
10m ‘1 10m + 10m + 10m Ei‘ 10m
g
3 [HH=7] 1xt= I A= [ ztZ
~
] CRCP (T : 30cm, p=0.6%) ‘ CRCP (T : 30cm, p=0.6%) | AC |
4.05m 4.15m 3m
™ s b b =

<13 3-35> 1A AldAly @ (FdEE 42 3dx)

» 13 F 7]E F-DGM B $-7] #3+ 9ol 49 Fa3A 9 vj11y A4
S TN 2SS TaATE T 714 98 FAstE AS 5FHo
2 3 F-SMAS9} F—PFC o}AZE BIXL7E Frlxor AAstgon,

Al dHe ofdy 18 <3-36>1 &

3m

Fine Stone Mastic Asphalt (F-SMA) / Fine Permeable Friction Course (F-PFC) i
g Fine Dense Graded Mixture (F-DGM) == L
15+20m ! 1000 100m 100 1520

n o9} T{Eo] CRCPS} JCP A9 Y97 A%S &4 wustaz s
APERS JCP 73t dFel F-DGM H2-%7] AldAES AAsIa,
A AT G obd <19 3-37>7 #S

Uﬁd'éf;éais

<1¥ 3-37> 22 Alg@AlE JCP 9 Bigr] @ (T 9 JAdE)



m Tack Coat: ZUolA] duld oz A2 RSC—4, NAA S A
[ Aol M 7BEst TF Coat 41, 18] Underseal ¥ RSC—4°]
G e FAG~2.1mm YA E AHEE

n < 3-27>2 BHE ARG A1E(Tack Coat : RSC—4, TF Coat) 9] Al

‘;‘ u/\% }\]64 él/]_e H]_u_sl— 740;_ = Xﬂﬁ E_t’:_ 7]%2 15-—4/]—0]-‘—:— /\%

, ANEA T AbgE 24 = BEE ofef <3 3-28>%

o

kd

<X 3-27> Tack Coat, Trackless Tack A5 71 =4 A8 A3

Tack Coat (RSC—4) TF Coat
AE &5
71 A ax 71F A A3

AE(F=2%,257C) 1-6 2 1-15 3

A ZHFE(1.18mm) A (%) | 0.3°]35F 0 0.30]3} 0.1
A% = (24h) AF (D) 10]3} 10]3 0.1
A=) At &F(+) % (+) &F(+) % (+)

T = 2/3°1% 3t 2/3°1% £

A& AZXAZHE25T), G - - 90°] s} 80
s | T AFE AH (%) 5001 52.8 5001 53.1
W A= (25C) 1/10mm | 60-150 95 5-30 27
Zr A% (15C)em 40014 1000]4F - -
7| BT R A (%) 98] 99.58 — -
= A3t (C) - - 5504 58

<# 3-28> FGM (Fine Graded Mix) HIgdA 7]+ (TxDOT, 2014)

Y=k
A 27 . EHE ) .
Fine PFC Fine SMA Fine DGM
3/8 in. 95 - 100 95 - 100 95 - 100
# 4 20 - 55 50 - 70 70 - 90
# 8 0-15 20 - 40 40 - 65
# 16 0-12 10 - 25 20 - 45
# 30 0-28 10 - 20 10 - 30
# 50 0-28 8 - 15 10 - 20
# 200 0-4 6-12 2 -7
= Tex—204—-F Tex—204—-F Tex—204—F, Part
193] } ’ ’ ’
PR A Part V Part I v
. e =7
I II III
Iy & % HAa 6.0 6.0 5.5
A VMA, % HAi NA 16.0 16.5
ZWE A4 VMA NA 15.5 16.0




1. 12 F-DGM 2835 A|JA+

7}) CRCP &9 &<t XA}

n GH97] Al A, sld CRCP 3 2% Fdel o8 23 s& 4 7t
A9 7d F 5 K 2AME AAEon, <19 3-38>2 CRCP %9
of Wt ¥ o RG-S e

w JAQl ok AFE ¥4I CRCP A FolA ZAE 8 d57F HojA
Urbes AZ8 dido]l Fod ddor EAYQ oY, <I1¥ 3-39>E T
bl CRCP ¥ 4% ¥ H5 FHske B5s BoF1 3le

w90 2 g zAbel #E HA B F SAHS $eto] <1¥ 3-40>3 2
of A Ale7 gk CRCP 289 Al Alg A 24 #9d Hia B8 %S

BN
>
>,
VAN
I
o
wW
o
(o)
Vv
2
v
721
.
=
ne
)
)

<71¥ 3-38> CRCP x7% v &<t

H2lfm)

5
i
5

3

L
2108 0608 04 08 87 10 10 1 05 41 Ok 06 04 04 05 0408 15 0F 18 X 1T o2 1308 13

ZE F(mm)

<I¥ 3-40> AP 73k CRCP #9 9

n 3 JA FheEtE o] gto] Al A CRCP ¥4 5= =459 on
Ao wal 12.5C7HAS 52 ¥y, Hgaow ok

A 7CAA A

_1_:,1_
10C9 &5 YA



Yo 5T o] 7] EE 7Y ofARE EFES] Al 7te 7
TO 2 AL YA (FFELFF, 2014) 2 ¥W 2% Oig 7+
2 wEet 444

ARE £3%E 5 F-DGM £3&°] A9, A& @ 16T o) 71& 2%
2 2EE 7|Fo=® AAst 7] "Wl (Tom Scullion et al, 2012)
Al A E3 5= 6T F% 7|50 vXA Eat= 2S gl

CRCPO A ZAYE oF 7|59 AHA o] & AS 249 AH 3=
Hol Az A EAHA WASHA Hv, 1 A3 ¢

st 84S RolAl E (Choi, 2015)

S A Yo E & AAS Holy o= #HXA ol (Punch—out) ¥

S 2T F glo] Q] Al 2 Y FAdo] welAa

Zrold 4 315 (Choi, 2015)
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Alg FF Ul 71E CRCP 239 AXgE sotsly] $lste]l FWD Al
2k ul 2

s =
g BHS AN o F Fal gk 9

3
T kel disl 1Az 237 FYFJM 10m HFoR AFES AN
i, 7 9 HelM 300mmel A #& HE3ke]  9000lb, 120001b,
150001b9 atF5 3W% At a3+

BE el HA 2 dwbg FWD =& H7be| ARE-EE 90001b



<19 3-42> FWDE ol&3td] stsdags 4 AF ZFs 4% 2345
a2 3} sk A

AATFY A= 122 0.041~0.052mm, 222 0.035~0.056mm=E &
7

L1~L5+ 122 10m H4, L6~L1& 22k2 10m 42 A3} gs B
I 9, 1AFEe] AS 94.1~96%, 123 22k=2 2] Aol 92.1~95.5%
9] IFHEES e

BE YAAA 90% ©1de =2 stsdEdEd 0.035~0.0569mm w2 A
A A3E Fd CRCP 3 9 3% A A8 J5d Aeds gqlst
T okl dd
100 0.06
0.05
80 S 2= g
- — iz
o ! E
i}
E 60 0.0SE;?
e 0.02
40
0.01
| eommee oy |
20 - - - : . . - - - 0
L1 L2 L3 L4 L5 L6 L7 L8 L9 L10
A AN
<% 3-42> FWDZ o] €3 CRCP A 4 sl=dd-g B4 Ay}
<8 A43= 93t 2.5cm F-DGM A+

\\]

71% CRCP & ofAZE tixy 7] AlFAF AL /)

2k
l
24 9 o

A, W 3k, BEE AX 9 P, BT 9 A3l ol
Tojgom, 1Y 3-43>& wm TS olgste] AT TRF A B
10m % E2EAE AAE sl B4 AN HS nAFT YL
F A% 50mF FE FRANE 09I AT A T B BA D A
2 BAZL 2R el 10mH A AN e
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¥ 3-29> Underseal, Tack Coat, Trackless Tack Al& Q¢F

g = Underseal RSC—-14 TF Coat
_ 7= iabl .3~0. .3~0.
A 2H(L/m3) ﬁ]& Var(l)az es 0 30 f 6 0 ?Z) f 6
5mm YWY E FA] (kg/m2) 4.5 N/A N/A
AP AIZE 12:02~12:20 12:28~12:35 13:00~13:05
A 25 (10) 8.56~24.1 12.2~21.7 9.9~19.3
A AIZE 1AIZF 2535 1A 108 405

- A A%
Al Al &
=

gom, Ay Adl= 25ton

j==2|
— =1

21‘4%

DAC I
Holy 14, 1¥

BE WH B 1ti7h AHEE
m <3F 3-30>2 F-DGM &%k
Ferom Yl ApiEglon

o] Ak gl ot Avjs
o] wj Al L= 717} 178, 179CE SHEUS

Qoksl Zlo7g ZF3kE AXRS 19ton

m F-DGM &£&&°] =3 gl gak 2590 7]&L 163To|A 0 AlE o] 7]
o] y& FA|(7T~10C2E FA)A, F487]ol= R AFHS 118ste] =
= A EE 180T 7H4] &¥ 4 Q. EFE AbstE Jd #4 A
st HH7] §J38ll 180T ol oz AASHA] d=ti= Ay AH (HEILTH,
OfATE EohE AAL Ul Al 2 H ) 2014) ¢l vl 2EE wo] A S

m 2FEO on 29 uly] 93 HIEH YilE Ao HE A
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! Under Crackmeter
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®» All measurements are in milimeters (mm)

b) Sensors installation layout (Overlay Sections)
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d A B 99 A AeHE J)E EAal s)Fe] AgE] mpA

€]
ojm, T3 JCPe CRCPo] M2 t& 7s& B3V "l 7+ =8 74

Zye] g Ao fid] wE AtEojof sttt AMAS g2l

JCP/AC Q¥ 9-7] Al Hiraltd A FJ7EE fst S5 FHo 7|e2 A
g wAol =2 AHEJ ALHE JCP XA Q9T Al AxS SAHA X
s 7] wiizol 2 AFeM s WA FQ Aol ALolgtes dF A
5 A3E agste] 2dE5H 4 FHUrE 9t 7l 9 CRCP/AC §F
G4 9-7] Al Heart OTell &84 A2 H/THS] 7155 ALt v
H/HHEe] (MOD @ Maximum Opening Displacement) = 3 A5 E3)

=

[e)
dojxl DMR kel Hdl £ xH % tﬂﬁ} AT gkl 30, 1813 ¢Ha &
SF(Safety factor) & wdle] AlAtEom, ¥%9] 25 W3l= 7] 279
B ks W] wiEe k&S g 7] 2% duwatsE aEste] A

144 SAARE T AS A 04?494 AS A171 HAd duxk= 21T,

%I’Li}—t— 2% Ao A 24CE gelx gl on

£ (KMA, 2015)
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<3 3-37> BPN ¥4 7]+ (ICPI TECH SPEC, 1998)

BPN ¢ A

45~55 Fo 71 9 A AR LAl v AE
56~64 A2e 717 e AlQet 2o A w1z A
65 ol B oA vlmdel A%

» BPT (British Pendulum Test)E F—DGM, F-SMA, 121 F—-PFCol|A
o199 3xHE AAE F FhE 10W9 wHE A HS 3 5 HiES Yo
A skl om, AAe A= obef <2¥ 3-66>3 Zo] FEE

» F—PFC® F-SMAS 4% Zt7} 57 BPN#} 59 BPNS yeh) k53t U]
1Y AFE BT OU% F-DGMe] Z-¢ 919 7 wligtel] nlaf 7oz o
2 92 46 BPNE Yelu, 2E wjgoM 7l& vy A gk 45
BPN o]%-& e

F-PFC F-SMA F-DGM
OfAZEHjS

<19 3-66> B2%7] Ase & BPN 4y} Hlw

s A XA i dF 55 AlEWH el KS F 23944 o8t 44
EgA] A T AE Wo] 9low, B AlE e F4 #e 9
7F M2 e B oR FEAES aE 38 AS, 544 2 FERAY A
& 2 ARl F43gE Y8l E?J(ﬂ%%%%, 2009)

m <HE 3-38>F #Zo] F-DGM=> 400mLe] =o°] frste<=t 5 F=e] Axho]
A8 A5 grE RISl on, F-PFCE 4~5%% FA4o] g Hou
a1, F-SMAS] Aol Aol e dxpzh SAPARE 33 A5 vehd



<E 3-38> o= Tl we T A

=%E FF A (ml/15s)
F-DGM 25.72 24.21 26.33
F—SMA 244.90 171.43 45.11
F—PFC 2,000 1714.29 1,500

3) OFAZE Q97 AF FWD 727 AAY F7t
A% AFA T kel B 97] 525 E FWD A S 3 AWF
Aol e, Aul+= Carlbros AFER L, ZF A He] 150mm A &2
#S o] g3 37FA 3FF (45KN, 70KN, 90KN) o 2 A3 AP

AR dlolE = 10719 ¥JQEZFE dofXH, 3 AHS Fa HiEst
=S AAP T, FWD HA dolg= 12807 20154d 12€ 109 w1y ¢
717F Al =7] d CRCP %W oA @3 Al7ke] X &o] wo] 2016 4

4 129 F-DGM B&-¢7] A3 & 23 94 3 o] =3+
SiA97] A9 e AR doldE vwshr] flaix AC 150/5370—11BelIA
xﬂoi% O—AH s} 3AE ARgste], Ao ® AREE= Afst dFe<] 9,0001b (40KN)

Sensor Location (cm)
0 100 200

o

#--- Before
—4--After

m)
o o
B M
o

g gn
ta &
A
B o
=

1 g KT
1.2 < A
14 ;
1.6 T

Deflection

=S

<19 3-67> Q7] A% FWD AW Te= vlu



4) =7 7 J&4 F7t
= A HEeAd %42l IRI(International Roughness Index)+ Alqf 2 B4
H o2 Ay 2 a4 54 8 / 4 Bee FACE FUteked ARE
= (Wang, 2006)

= T AT m (m/km) 2 EAIH
u, IRI= %% 2%l #3A4" A~ad 249 dydd v&s 54 5

z}eko] Fae AgE Uir Ht X 712 7] (ASR ¢ Average Rectified
1=}

EEOEEE

2 AgoA s thekst v AHVE B8] 8 97 =
= 9& PROVAL

7.
Agatel ASston, dolH: A RIZ AN
T2a9e Fi BAEUE
Berde) Bo) N1 o] <19 3-68>3 ol XF A4 ¥+ U A &
wol mE 71F IRIZ AASID glom, RH$717h AAE ZE el of
¥ ul

W <E 3-39>9} 2o At TH 7] =39S

IR {mikm)
s
1
:
§
3

<I¥ 3-68> ¥4 T/ 9 &% wE IRl H7} 7|+

¥ 3-39> PROVAL T2 3% T3 E&F 3d wE IRI 23}

Rigid Pavement Flexible Pavement
Transverse Diamond
o o F-DGM F—-SMA F-PFC
Tinning Grinding
1.11 1.44 1.52 1.41 1.74




5) Aol BE &g o) Hlm #4
fABE B T shbe 2AYE el v £ AL B} Uvke
Aolv], ZAE LA 2gel tg o2 vk a4 Eeld B

=]

= 0]4‘16}31 AL, & oﬂ?oﬂ/ﬂ ”/\1L % A E el FLE B

_11}1‘
t
1>

Z

ol

%‘Z
o

,ﬂ

1o

1, e

3 9] Qlom 7dB ol A&
+9 25 A a%E F st (Hans, 2009)

AA flo] AA

Tl
Al A

o Mo

g S AEAF Elolojo] dAs] S AAE
AL =4E A(F £% 60km/h, 80km/h, 781 100km/hollA] A A9 ©
o, obgl <19 3-69>% o] AF X 60km/helA = Az WE 2o

7} 3_74] ‘)rE]r‘JrX] 0}9}2‘3%, I EoRE A X Ago] WA Aee

TR =7E g ke ZAYUE ¥4I HuS ), ofABE ¥
oA Lol wel Aol 10.3dB 71 wobslS

Aol Ate E3E AS9A A3 F-SMA > F-PFC >> F-DGM
<) , F-DGM9] 7% 1 #fo|7} Z-38] 7] Wit &5 Afhs
A8l 7154 FAS Y F-SMA = F-PFRCS Wajsle] 2 gafjofst

& ZI7E XA ofATE tAQy] T A8 ATE uly BAE 7
WA Ak A ek goldea M = Aol SHHIA
om, ofAZE G & w 13.3dBe] &% 4 &7

6.2 I NE
Y i
| Bl
| I 5.6 I
s kmh

N Transverse Tinping - @ Diamend Gindrg WF-DGM BFPFC BF-GMA N Trangvorse Tinring @ Diamond Grnding BREEE

2712 709

110 1 e 10
65263 0e11.508 2t gur—————- _
—————— 102 |
104 93 M s i 937
925 ‘
I i |
a0 ‘ L
60 km/h . 100 kmyh
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<19 3-69> =2 W A Wy 9 Hof w2 W - o 25 Ay 1l



2. BT EALA OlATE B9y 9 CRCP & AT

7}. CRCP $ o}AZE B 97| AdA|F(IH 30) 718

20169 9 € 21 43} 22 4 @3 Atlanta district®] IH 30 7-7FellA] CRCP
9l okAFE GliZpTof et Bt SR, 7] SAxAbE Tt
ATACE 2 FUFE fs AR AAE AAsta e w 742 5719
Al s AR, £ AFTHEE FM 989 A% 0.5 milecllA]
Arkansas = 2}Q17}4] 5.9 vld <]

=
71E 23 HA FAET AdS WEetr] SEiAe 2 AA"S T x
B7h s 54 2 72 o AdH F7F g mAYEFS] A e =9
st XA 2 W Vs A AHE g aesobet, FARS AlE
& AAARD 27 et AA dEHA ] gEs Ve R HA Y By A
s Egrafofbgt

23 AeE Hrtstn HAY 23 fA4 By AFS s A8 d%
NS FAY o, A P2 FWD(Falling Weight Deflectometer) &
ARgE 22 228 #H 7}, DCP(Dynamic Cone Penetrometer) A3 %

ZS

Folg & AFgatel LA AHE B

ZTAYE o= AR g4 AR Al dis) Brkska, ofd <I1¥

3-70> ARFAE 91 9 wES vepdie], 24 2= 8 ing 43| A3

H %A 6 in CTB(Cement Treated Base), 6 in CRCP, 18|31 7 in

HMA=Z /3= olglth. 71 x4e dolZli= CTBS HMAR 7453l
o <E 3-40>E A AIF o R2RE Aol AlN-Ad 2 JRE UER

-RM 217+0.753 -RM 223+0.684
- GPS Coordinates - GPS Coordinates
33.454968, -94.139154 33.470129, -94.043098

Bridge: 306 ft

EB1:900 ft EB3: 700 ft EBS5: 700 ft
RM 218+0.0 L8 RM 221+0.1 | RM 221+0.2 RM 222+0.6

<1¥ 3-70> AFAE YA AR (IH 30)



<E 3-40> TH 30 A EA| & A

AR

Attribute Information Special Note
CSJ 0610—-07—-XXXX (CRCP)
Country Bowie
Reference Marker 217+0.753-223+0.684 (5.93 miles)
) 33.454968, —94.139154
GPS Coordinates
33.470125, —94.043100

Construction Year

CRCP (19XX)

2012, FDR + SMA

4—in var. HMA + 8-in
Pavement Type

CRCP
. 4—in var. HMA + 8-—in
Slab Thickness
CRCP
4—in var. HMA + 7—in
Shoulder Type
CSB
Base Type 6—in CTB
Subgrade Type 8—in LTS
Drainage Type Open ditch and,
Coarse Aggregate Type Gravel

Con.Pavement Details -

FINISHED HALF-SECTION

CSJr 0610-06-079
STA 1720+50.9 TO STA 1872+00

J:  0610-07 DETAL
STA la?z +00 10 STA 2!00 =00 N.T

S — & o

wfed i
EXISTING HALF-SECTION TYPICAL SECTIONS
0810-06-079 SHEET 1 OF 2
STa 1120950.8 16 STA 1872000

Wt 0610-07-095 - WY
sTA |BT2 00 TO STA 2500+00 "

CRCP¢} 1 ofel el 9l
ARE ofATE HH



m Ol ATE WO AT ALUF A7st e r dAE dAste] vuE
BH07 9 AN Aol g THE APS HYOH, <E 3-41>
o @l golg 71Fe] AeE A 914F vehy

<E 3-41> % @] 27 A, dol 2 V&4 AEx
Test Section Distresses Length (ft) Reference Marker
EB1 No distress 900 RM 218+0.0
Reflection
EB2 ) 1,000 RM 220+0.3
distress
Reflection
EB3 i 700 RM 221+0.1
distress
EB4 No distress 700 RM 221+0.2
EB5 No distress 700 RM 222+0.6
WB1 No distress 440 RM 218+0.2
Reflection crack
WB2 ) 800 RM 220+0.5
and distress
WB3 No distress 700 RM 221+0.2
Reflection
WB4 i 700 RM 221+0.3
distress
WB5 No distress 680 RM 222+0.7
EB : 5% W9 a3
WB @ A% W3k 4%
m <I¥ 3-71>2 EB2 F7+9 7]¥ CRCPolA % mAg] #HX|ofof 9

S A s e kAL Aol weld

j;@?-z

a7y

7]

™

i)

[e)
RS
EEEE

=

]

L=,

%ol 2

o] dEy

3-72>E BAY #AFopxoF Q3 thE {39 uiES W

gejgon], opaBE

AXE HolF
e A

e

2

=

lo]

Ade ToE 22 E Dot 9l

NI, o= ElH A A

o

o

Z7F Ao FEEo A 7] wiEo] Tzl #Hxo}xo]
Ao 7t AFER F7ro® ®AE #HA o}

2y



<718 3-71> 7]%& CRCPY A7 #AX] oo 7 <13 A3

<19 3-72> BAE "X oo ot At

o 23] 724 Bt

1) FWD A¥
xge) 722 FHE A7l flsA, FWDeF DCPE skl
FWD Algo® FE d& dolHe B A v Ales 48] flE] AREH,
CRCPE A71A&S EefB.e] A|A ol &J&sh, BikAelx Axje CRCP A 1
T 7159 Bk % 54 O o~ EE V1S Al BARE 39
ofstyl o} AZIE A5+ EHH AAHE FAAA AA ofx A4S L
2 A= FWDel 23 AW AldS HMA ﬁuﬂow A A 3EA
AA oz w2 AAY AF (k—value) = =& F A
ARl dlolel= Ex7o] CRCP 24| Aei7F =335t AEIIA] CRCPS CTB Ale]
o] A FARMA oFE Frkebr] S8l AAlsks Fo] AXE skt AR
o] < W] 71E = &Y X He| EAVE Qs W, & Hsprt wAAs
The Zolw, Adptd oz okt 7|59 vt e Z3E ¥ T29} 7|5 A
o]9] FelAe] =gk AR A] WS

=
X



<9 3-73>2 7|E= TxDOTOA A8 Ay SIHE £ 7719 ¢
AE debd Zzo]m, 8—in CRCPOA ARFA o= 3.5milse] HHZFS B
T3l Qlon}, & ATeA] AEE FrieA= olnt ¥ F AYFE RAF
A ofAZE BIH9Y7E 2] ARKAR]L Aol mx|E @ikl thsh ool A=
SEorL Sl she] Halxe] e, ofAEE BIX9Y)= CRCPE A4el ]3|
AR 2 S SRR o] Sl whel, A e tigh opEE
Si29719] gih= okAEE ARl A vt debd 4 qlvkal Bl Qs
ole] <E 3-42>t AA ©lolEE Qok3t Aojw, 10749 3t BT Ho
Aq3& 4.4mils® 8—in CRCP A Ftgtrvt AA VebwtaL,
wHoh & Hd AFJS 1008 73 F 7] FRrelA AU
FWD Ald@ &<t 4d3d] & Aol #dg F3tel dis] FolE AA s,
& Ao A dele] i ZAbsglen, of7lel= ZAE 3o, A
| dH 9 DCP AE B7HF 23U

ﬂ

.Omils

w
&
Iz 2

30 .

S y =-3.61In(x) + 10.888
25 = R?=0.9704

o
)

Average Deflection [mils]

I
5}

o
o]

o
°

7 8 ] 10 1 12 13 14 15 16
Slab Thickness [in]

<18 3-73> ZAYE &8 T wE F

L
>
oft
o
&
[H

<G 3-42> AR o] 9 DCP Al 3tel] ok g R

Test Length (60 Reference Deflection ‘at- 9,0001bs (mﬂ§) # of DCP
Section Marker Average Minimum Maximum Core

EB1 900 RM 218+0.0 5.8 4.2 12.7 4 4
EB2 1,000 RM 220+0.3 4.4 2.7 9.5 2

EB3 700 RM 221+40.1 4.0 2.1 7.8

EB4 700 RM 221+0.2 3.5 2.5 5.4 1 1
EB5 700 RM 222+0.6 3.7 2.9 5.0

WB1 440 RM 218+0.2 4.2 2.7 5.0

WB2 800 RM 220+0.5 4.8 2.4 9.5

WB3 700 RM 221+0.2 4.1 2.8 12.0

WB4 700 RM 221+0.3 4.3 2.9 9.0

WB5 680 RM 222+0.7 4.9 3.3 7.2

Average at 9,0001bs (mils) 4.4 2.9 8.3




2) CRCP$ CTB A ZAE $8 79

Wit 2 W RE G WA = 0 ARt 223

FWD Algelq AREA WHo=z AAkH k—valuer= AHHF O =2 tiX¢-7] x4

Aol Ago]

2 AFrellA = HMA oA Aol S =37 wit

b glom, okABE GA9I] Al 2 @Y ASS k-valued WAE et

H FE2HY k—values 72 F AN, ZAYUE SdB8} V)5 Alold] I
23 =
[e) R

A

°of Y Aol 919 e A8 F glon, #EE 2 AR CRCP &
dBsh CTB Atele] #A1H 358 vehnz =% 28] I

UA AEE AAY ZAYE 3o A= FWD A8

), <3 3-43>2 FWD A¥#E vtgos AFe o] fx9 24 Al
R 1830 CRCPSF CTBE AAYA e Al A8

FWD DMI+= 2t Alf 777k AR o2 7 H o AglE vellH, Fhdets o] &3
208 Sor sty A4 ERIFoEA CRCP9 CTB Atole] A7)

gl 2] 35 Ei ma 715 Bl JEAE WA

ﬂﬂo r

BN oM,
o
mlo

Fol AlH H7} A3} ofARE BIH$-7] FA7F 6.5in0lA 7in7kA] WsHs wbd
o] CRCP £dH F7= 7.5in°A 9in7FA] thekstA A8 ALS <& 57}
Ao, CRCP €8 B8 CTB Atele] ¥ AAFT ¥5 Atole] #AE

t 2 yehdia 3l

E3-43> Fof SA B AFAE B

. . Base & subgrade
5 Thickness Deflection
Test Section FWD i i Soft Modulus
(in) at Voids .
Core # DML base (ksi)
@ 9,0001bs (YES/NO) )
Name Reference AC ) (YES/NO Layer | Layer | Layer
Marker #1 #2 #3
EB1-C1 443 6.5 7.5 7.6 YES NO 58 126 -
EB1 RM EB1-C2 467 7.0 7.5 12.7 YES NO 50 156 -
218+0.1 EB1-C3 492 6.5 8.0 4.5 NO LOOSE 38 138 -
EB1-C4 512 6.5 8.0 6.2 YES LOOSE 80 80 28
RM EB2-C1 154 7.0 8.5 9.5 YES NO 53 152 -
EB2
220+0.4 EB2-C2 211 7.0 8.0 5.7 NO LOOSE - - -
RM _
EB4 EB4-C1 660 7.5 7.5 5.3 NO - 54 164 -
221+0.3
. RM WB4-C1 479 6.5 9.0 9.0 YES NO 21 89 -
WB
221+0.2 | WB4-C2 | 501 7.0 8.0 3.3 NO NO 34 100 -
WB5-C1 459 7.0 8.5 5.3 NO YES 7 7 14
RM
WB5 WB5—-C2 477 7.5 8.0 7.1 NO YES 6 6 12
222+0.6
WB5-C3 | 518 7.0 8.0 5.8 NO YES 5 5 12




EB12o] A ®Ae} + WA o] fAA2] FWD A o FET 4

Ao w = Aol 22 (7.6mils, 12.7mils) o] =4 ¥ S

A HA T AME 4o F oA e HAFRT A2 4.5mils 9

741]‘:’":0] SAHNA, F7HE 02 3 WA} Al WAl F7E Afo]oll X o A
s

| BAEow, EB1-C20M &=
B, ZIE &9 CTB

2=
=
2] 12.7mils?] Yooz E 4 9l

i
o

zo o) AAHAGE F
A A ghgront, 7129 A

k-
o =
2 5 99w fAele] Zo] HFAA WA 2AA 7]

N N o

PN B N N

N
CTB Atolell 0.25in8] F=o] A EAA| L, o

EB1-C4¢ 7% CRCP<

A A A ] AP k=2 Zol¥ul oyt ¥ HE7F 6.5milse] AHH
#FS Joyl= Ydelow B & S

EB1 4702 7o) AldHef tfdt JH = ofd] <19 3-74>%F o] e},
CRCPS} CTB Afole] F=ro] Ao F&e A A= Ao futd
9o 24 Aol wEm 9,000IbelM 2] ARl 5.5milskh AW ST
AA e a5 = 75 AE7E =S8 7heAdel o & 4 la,
A oA e dHoly A4S EBlolAY 7HA (5.5milsKHtt 2 A He
CRCPS} CTB AAWS &=+ AXo] 7|¥ho] Gastr oB =2 3Helslr] 9

d Adwon AN Ay rpdo] v S yE

A, CRCP £# B9 CTB7} &43] d=3sH CRCP A AH +x4 XA
g A g oz oA

A, 2 HA-e) TS F= FH Q018 FF = V)Eo »£F 59
oIy 7159 =% A8 flE A4S WBS &‘ﬁoﬂﬂ CTBe] 7o) &x
7] wfo) & A 2
7159 ZFAde] ofF #row F Aol whAyE 4 9la, WB4-C1 A4
ofel <19 3-75>9 o] FoAE AHAAEE o, o YA AP
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ZAYE Sdn F4 QoA £3 A% CRCP EwelA e gFe ot
27 wAsglon, ol CRCPAIM mE#Fol £4 se W 4§ 7o
je) 2%

delo] olygtes S 9um|dta, WB4A-ClelA 20ft "o]x %3
- A

= Fo} A AHLE 3.3milse] EHIS

14 T 100

13 12.7 M Deflection [mils] | |

12 ® Modulus [ksi] 90

11
2.0 80 =
w 9 w
= 3
2 8 70 §
o
o 7 =3

o
g6 60 7
i)

2 s =
g P
o 4 50 8
(=]

3

2 40

1

EB1-C2
0 30

443 ft 467 ft 492 ft 512 ft
Coring Locations at EB 1

<18 3-74> AHZF vs u= 183 7S5 AR AH

AC Overlay

Surface
: delamination

Mid-depth
: delamination




3) DCP A ¥

7h @3 AE 2 doly &4

= DCP AR 71 wdel et 5 el disk Ans ma2d 4 Sy
» oY <G 3—44>+= DCP HIZE E53) CTB 9 CTS 59 A4 7/ JRE HojF

o] Ax}E HMA 2 CRCPQ] Hit F71= 212 7.0 ing} 8.0 in® YRS

<% 3-44> DCP A &

-AC
:6.5—7.5-in

- CRCP
:7.5-9.0-in
2.0-n| [ [
2.0-in S8 6-in CTB

Layer #3  B-in LTS

a. DCP A& ©& b. AAAQ = T/

m <78 3-76>%} <:Lal 37> 2 W3 Al 49 daE e, CTB
kel oF 2 in Fagol Q] eHdAIG R thE SR dAE] WAl YERS
n Elojo] 315 U 50 HER QI A CTBel /o] ¥Aek 7oz sish 4= 9l

Cumulative Number of Blows [N]

20 40 60 80 100
400

=
w
o
Jf il
¥/
I
4
)
."Jr

500

Penetration Depth [mm]

550

——EB1-Cl-layer#1  ——EB1-Cl-Layer #2 ——EB1-C2-Layer #1 \
——EB1-C2-layer #2 =~ ——EB1-C3-Layer #1 —EB1-C3-Layer #2
--EB1-C4-layer #18&2 -0 EB1-C4-Layer #3 —=EB2-Cl-Layer #1
——EB2-Cl-Layer #2 —#-EB4-Cl-Layer #1 -m-EB4-Cl-Layer #2

600

1% 3-76> % W3 DCP A1Y A



180

W Layer #1
& 164
160 —| # Layer #2 ‘ 156
® Layer #3 ’ 152
140 ¢ =3
& 16
120
=
= 100
w
=
=]
'g 80 86
=
60
40 ]
28
20 —

EB1-C1 EB1-C2 EB1-C3 EB1-C4 EB2-C1 EB4-C1

<29 3-77> % W @A 2=

n <TIY 3-78>F <IH 3-Tw AF W] WB4gE WBhel tist FRE vEh,
WB4ol|A & Al glo] =1 o2 go] v velsty, Z3E SejEe)
CTB Afele] =12 Qlall WB4—Clo] WBA—-C2ET} 2 AWFS Hojs

s WB5ellA 7159] 73wl 7] Wil & MHZe By on, o= AAR CTS
o] FET} o ZA YRS

» DCP Al§ A¥= WB5e] HAIE Alglstal ARk oz 7)E o] 4
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